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Abstract. The survival of probiotics is of paramount importance because to have their beneficial 
effects on the host’s health, they must stay alive up to the site of their action. It is known that the 
resistance of probiotic cells in acidic media, as in the stomach, is very low, that’s why the 
encapsulation of Bifidobacterium lactis 300B in alginate matrices is needed. This study present the 
mechanism of cell survival during encapsulation, coating and freeze drying process and release in 
simulated intestinal media. Microspheres with mean diameter 1100 µm and 66.87% encapsulation rate 
were obtained and described. In order to increase the protection of Bifidobacterium lactis 300B in the 
alginate/pullulan based microspheres, three types of dip coating were proposed. Namely, the alginate 
microspheres were coated in alginate, chitosan or gelatin, using the dip coating method by cross-
linking. The survival of the cells was tested after encapsulation, coating application and compared 
with free and encapsulated cells, using the plate counting method. Also, the survivability in freeze 
dried microspheres was tested. Although the coated microspheres showed higher survivability 
compared with free and encapsulated cells, the release in alkaline pH was no possible for the gelatin 
coated alginate/pullulan based microspheres.  
 




Probiotics are active cells with valuable and multiple benefits for human health. 
FAO/WHO recommends the characterization of probiotics as live microorganisms which, 
when ingested in adequate amounts, confer a health benefit on the host (FAO/WHO, 2002).  
To ensure the sufficient amount of viable cells, estimated to be 107 CFU/g product 
(Brachkova et al., 2010; Ouwehand et al., 1998), the encapsulation of probiotic in all range of 
formulations was used (Anal et al., 2007; Burgain et al., 2011), alginate being the most used 
material for entrapment of the living probiotics (Chan et al., 2009) . Nevertheless the alginate 
matrix is not providing enough protection in the acidic media (Sultana et al., 2000).  
Pullulan is a biopolymer with a specific characteristic to form strong, oxygen barrier 
films (Leathers, 2003), which makes it very useful in the entrapment of the anaerobic bacteria.  
The main challenge in our days is to ensure the survival of these useful microbes 
during processing, storage, passage through upper gastrointestinal tract and controlled release 
(Burgain et al., 2011). The encapsulation technique in association with coating application is 
largely used in order to reach the desired properties in the formed microspheres (Krasaekoopt 
et al., 2004; Mokarram et al., 2009).   
Bifidobacterium is a category of commonly selected probiotics, are indigenous to the 
human intestine, where they preferentially locate in the colon (Fuller, 1991). 
Bifidobacterium is a Gram-positive, anaerobic, branched rod-shaped bacterium. In the 
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intestines, they ferment sugars to produce lactic acid. Bifidobacterium are considered as 
important probiotics and used in the food industry to alleviate and treat many intestinal 
illnesses. Bifidobacterium exert a series of healthful effects, including the control of intestinal 
microbial equilibrium, the suppression of pathogens and harmful bacteria that colonize and/or 
infect the gut mucosa, the modulation of local and systemic immune responses, the repression 
of procarcinogenic enzymatic activities within the microbiota, the outputting of vitamins, and 
the bioconversion of a number of dietary compounds into bioactive molecules. 
The objective of this study was to develop a novel protection system for 
Bifidobacterium lactic 300B based on encapsulation in alginate/pullulan matrix by cross-
linking gelation and coating with three different tips of biopolymers. Furthermore, the 
physico-chemical properties of the resulting fresh and freeze-dry microspheres, as well as 
their ability to protect probiotic cells during exposure to different temperatures and periods of 
time, were evaluated. 
 
MATERIALS AND METHODS 
 
Materials 
A commercially available Manguel GMB sodium-alginate was supplied by FMC, 
Norway. Chitosan and gelatin from Merck (Germany) were used and compared as coatings 
for alginate/pullulan based microspheres. Calcium chloride, pullulan, E-poly-L-lysine, 
glutaraldehyde and sodium phosphate were purchased from Merck (Germany), 
bifidobacterium selective medium (BSM) agar and vegetable peptone from Sigma-Aldrich 
Chemie GmbH (Germany).  
All materials and solutions were sterilized using the autoclave at 121 °C for 15 min, 
including the CaCl2 solution.  
Probiotioc strain 
The strain used for the trial was Bifidobacterium lctis 300B, lyophilized probiotics 
powder purchased from Howaru. The probiotic was used as lyophilized powder, as received 
from the supplier. A viability test of the powder was performed before each trial. 
Preparation of alginate/pullulan microspheres 
The microspheres were prepared aseptically using a Spherisator M, type 2002SP-
AE5-D0 at Brace GmbH Germany with a nozzle size of 300 µm, and crosslinked in calcium 
chloride (40 g/L). Before encapsulation the viscozity of the mixture was measured using a 
Haake Viscotester VT-2. The standard condition used for encapsulation were: 15 g/L alginate, 
75 g/L probiotic powder, and 15 g/L pullulan. Microspheres were hardened for 30 min in 
calcium chloride solution, and then rinsed with sterile sodium chloride (8.5 g/L).  
The entrapment efficiency was determined according to (Sandoval-Castilla et al., 
2010) with small changes as follows: 
Entrapment efficiency = (axF/b)100 
Where a is cfu/g in the microspheres, b is cfu/g in the mixture before encapsulation 
and F is the sphere packing factor (Aste et al., 2008), witch was considered the dense packing 




The theoretical and the corrected diameter of the microspheres was determinate using 
(Chan et al., 2011b) method. The bead shape was quantified using the sphericity factor (SF), 
which is given by the following equation: 
 
 
Sphericity factor    (SF) =dmax – dmin/dmax + dmin 
where dmax is the largest diameter and dmin is the smallest diameter perpendicular to 
dmax. 
For each determination of the dmax and dmin ten beads were used and the average was 
calculated. The dmax and dmin was obtained using an optical microscope fitted with a calibrated 
micrometer scale. 
Coating application 
Three types of dip coatings were applied to the wet alginate/pullulan based 
microspheres. After the microspheres were obtained, were rinsed with sterile 8.5 g/L NaCl for 
5 minutes. 
 For the first coating 0.8 g/L E-poly-L-lysine and 1 g/L alginate solutions were used. 
Fresh rinsed microspheres were immersed in E-poly-L-lysine solution under continuous 
stirring for 30 minutes, after that the microspheres were separated from the solution and wash 
with sterile NaCl. The alginate coating was applied by stirring the microspheres for another 
30 minute in the 1 g/L alginate solution. Finally were washed as described above. 
Chitosan coating was the second coating applied. For these, the fresh rinsed 
microspheres were immersed under continuous stirring in 1g/L chitosan solution for 30 
minutes, and washed with sterile NaCl.  
For the third type of coating, with gelatin, glutaraldehyde 5 g/L was used to form a 
chemical cross linked. The fresh alginate/pullulan microspheres were stirred for 60 minutes at 
32ºC in 100 g/L gelatin solution in 1:1.5 proportions. Then were aseptically separated from 
the gelatin solution and mixed 2 minutes in the glutaraldehyde solution, finishing with NaCl 
wash.  
Freeze drying process 
The fresh obtained microspheres were shock freeze at -18ºC in isopropanol before 
freeze dried. The microspheres were freeze dried at -50°C and 5x10-2 mbar for 24h using a 
VaCo 5 freeze dryer from Zirbus (Germany). The freeze dried material was collected in sterile 
recipients and analyzed immediately the process was complete.  
Cell viability 
The enumeration of viable probiotic strain was conducted in triplicates before/after 
encapsulation, coating and freeze drying. The entrapped cells were release from the 
microspheres using phosphate buffer with 7.4±0.2 pH. After that 10-fold dilutions were made 
in peptone water (casein peptone 1g/L, sodium chloride 5g/L and Tween 80 ml/L). Aliquots 1 
ml from the last three dilutions was used in the plate counting method on BSM agar for the 
colony forming units (CFU) determination. After 72h of incubation in anaerobic jars at 37ºC 
the number of CFU was counted and converted to log10 CFU. All determinations were done in 
duplicate. 
Statistical analyses 
The mean of two individual determinations was used to calculate cell counts. A one 
way ANOVA and Student’s t-test was used to analyze the cell counts. Significant differences 
among individual means were determined using Turkey test. The statistical evaluation was 
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carried out using Graph Prism Version5.0 (Graph Pad Software Inc., San Diego, CA, USA). 
For the size determination all the calculations were performed using Microsoft Excel. 
 
RESULTS AND DISCUSSIONS 
 
Characterization of microencapsulation process 
Throughput and processing conditions of the alginate/pullulan based microspheres 
were according to studies described before (Brandau, 2002). 
The production in this trial was at laboratory scale recording an average production 
of 11.56 g/min material, characteristic infuenced by mixture viscozity and parameters used in 
the process, like pressure and frequency (Chan et al., 2009). 
Using the Brace Encapsulators the scale up for small industrial production is possible 
with slight modifications in the process, like adding a multiplate nozzle, and it is suitable for 
large industrial production (Brandau, 2002).  
 
Microspheres characterization. Entrapment efficiency 
The obtained microspheres were characterized in terms of size and surface using an 
optical microscope. 
Table 1 shows size results for the four types of microspheres and encapsulation 
yields of the alginate/pullulan microspheres. The mean diameter of the coated microspheres 
were significantly (p<0.05) higher that the uncoated microspheres. As is showed in Figure 1 




Size and encapsulation yield 
 






Alginate/Pullulan 1110.5±12.7a 66.87±0.28 
Coating 1 1269.5±14.4bd - 
Coating 2 1245±9.2c - 
Coating 3 1275±.5.9d - 









a)                             b)                             c)                        d) 
Fig. 1. Optical microscope image of the four types of microspheres a) alginate/pullulan; 
b) alginate-coated alginate/pullulan microspheres; c) chitosan-coated alginate/pullulan 
microspheres; d) gelatin-coated alginate/pullulan microspheres 
 
 376
The entrapment in calcium alginate based microspheres can be influenced by the 
capsule size, the hardening time in calcium chloride, the concentration of cells and alginate 
(Chavarri et al., 2010). The encapsulation yield, in the alginate/pullulan based microspheres 
was significantly higher that the alginate/chitosan based microspheres mentioned in the 
literature (Chavarri et al., 2010), but lower that the alginate based microspheres (Mokarram et 
al., 2009). 
Comparative survival of probiotic cells  
The release from the gelatin-coated alginate/pullulan microspheres was not possible. 
It can be observe that encapsulation and respectively coating process did not significantly 
















































Fig. 2. Comparison of the viability of probiotic cells after encapsulation and coating 
process (microspheres – alginate/pullulan; coating 1 –alginate-coating alginate/pullulan 
microspheres; coating 2- chitosan-coating alginate/pullulan microspheres; coating 3- gelatin-
coating alginate/pullulan microspheres). Bars represent the SD of the means. 
 
Survival of Bifidobacterium is affected by various factors such as pH, nature of the 
dissolution media, presence of nutrients and incubating conditions (Özera et al., 2009). The 
survival of Bifidobacterium lactis 300B loaded in alginate/pullulan based microspheres, 
respectively in the coated microspheres is shown in Figure 2. Freeze-dried Bifidobacterium-
loaded will contain both unharmed and damaged cells. Under suitable conditions the injured 
































                                
Fig. 3. Stability in freeze dried microspheres during 3, 6, 9 and 15 days at a) room 
temperature and b) 4ºC (●) alginate/pullulan microspheres, (■) alginate-coated 
alginate/pullulan microspheres, (▲) chitosan-coated alginate/pullulan microspheres. 
 
Stability of Bifidobacterium lactis 300B loaded in alginate/pullulan based 
microspheres, respectively in the coated microspheres at room temperature and 4ºC is shown 
in Figure 3. The survival was maintained at about 109 CFU/g after approximately 4 weeks 
storage even at the room temperature. The storage at refrigeration demonstrated higher 
protection than the storage at room temperature, result confirmed by literature (Cui et al., 
2000; Saarela et al., 2011). At room temperature the coated microspheres provide higher 
protection for the entrapped probiotic cells that the uncoated ones. This results are confirmed 
by the literature (Chavarri et al., 2010; Mokarram et al., 2009), where is showed that 
encapsulation of probiotic bacteria in coated chitosan microspheres respectively coated 
alginate microspheres improved the survival of cells. 
 
The release behavior in simulated intestinal media 
The intestinal media was mimed by the phosphate buffer used for the release of the 
entrapped cells in order to determinate the cell viability inside the microspheres. The first trial 
was with a 4±0.2 pH, but the release did not happen. To mime the lower gastrointestinal tract 
the pH of the buffer was modified using sodium hydroxide to 7.4±0.2. The alginate/pullulan 
microspheres and the alginate-coating alginate microspheres and chitosan-coating alginate 
microspheres have showed complete degradation after 20 minute of intense shaking. This 
degradation is due to phosphate ions chelate calcium, because of that, the alginate and 
chitosan coating becomes weaker and releases the entrapped cells. The microspheres coated 




This research tracks the survival of Bifidobacterium lactis 300B in alginate/pullulan 
microspheres, in alginate-coated, chitosan-coated and gelatin-coated alginate/pullulan 
microspheres in the encapsulation and freeze drying process and during storage.  
There appears to be much potential for using the probiotic strains with alginate and 
pullulan during encapsulation since it does potentiate the survival of the probiotic bacteria. 
Our study has indicated that the survival of alginate/pullulan immobilized cells is higher that 





































the therapeutically minimum (107 CFU/g) before and after freeze drying. Among the three 
types of coatings applied in this research the viability from the gelatin-coating 
alginate/pullulan microspheres could not be tested, due to the fact that the release did not 
happen. Further studies need to be carried out in order to monitor the behavior of the 
microspheres in gastrointestinal juice that contains specific enzymes. Research of a proper 
release method from gelatin-coated alginate/pullulan microspheres is also needed.  
In conclusion, the encapsulation of Bifidobacterium lactis 300B with alginate and 
pullulan, in addition with coating application offers an effective protection during freeze 




This work was carried out at Brace GmbH - Karlstein am Main, Germany. The 
authors would like to thank to Mr. Jens Schwinn and Mr. Manfred Stöckl for their helpful 
collaboration during the experimental work. The financial support from Deutsche 




1. Anal, A. K., and Singh, H. (2007). Recent advances in microencapsulation of probiotics for 
industrial applications and targeted delivery. Trends in Food Science & Technology. 18(5):240-251. 
2. Aste, T., and Weaire, D. (2008). The Pursuit of Perfect Packing, Second Edition: Taylor and 
Francis group. 
3. Brachkova, M. I., Duarte, M. A., and Pinto, J. F. (2010). Preservation of viability and 
antibacterial activity of Lactobacillus spp. in calcium alginate beads. European Journal of 
Pharmaceutical Sciences. 41(5):589-596. 
4. Brandau, T. (2002). Preparation of monodisperse controlled release microcapsules. 
International Journal of Pharmaceutics. 242179–184. 
5. Burgain, J., Gaiani, C., Linder, M., and Scher, J. (2011). Encapsulation of probiotic living 
cells: From laboratory scale to industrial applications. Journal of Food Engineering. 104(4):467-483. 
6. Chan, E.-S., Lee, B.-B., Ravindra, P., and Poncelet, D. (2009). Prediction models for shape 
and size of ca-alginate macrobeads produced through extrusion-dripping method. Journal of Colloid 
and Interface Science. 338(1):63-72. 
7. Chan, E.-S., Wong, S.-L., Lee, P.-P., Lee, J.-S., Ti, T. B., Zhang, Z., Poncelet, D., Ravindra, 
P., Phan, S.-H., and Yim, Z.-H. (2011b). Effects of starch filler on the physical properties of 
lyophilized calcium-alginate beads and the viability of encapsulated cells. Carbohydrate Polymers. 
83(1):225-232. 
8. Chavarri, M., Maranon, I., Ares, R., Ibanez, F. C., Marzo, F., and Villaran, M. d. C. (2010). 
Microencapsulation of a probiotic and prebiotic in alginate-chitosan capsules improves survival in 
simulated gastro-intestinal conditions. International Journal of Food Microbiology. 142(1-2):185-189. 
9. Cui, J.-H., Goh, J.-S., Kim, P.-H., Choi, S.-H., and Lee, B.-J. (2000). Survival and stability of 
bifidobacteria loaded in alginate poly-l-lysine microparticles. International Journal of Pharmaceutics. 
210(1-2):51-59. 
10. FAO/WHO. (2002). Guidelines for the evaluation of probiotics in food. Food and 
Agriculture Organization of  United Nations and World Health Organization Working Group report. 
London, Onatario. 
11. Fuller, R. (1991). Probiotics in human medicine. Gut. 32439-442. 
12. Krasaekoopt, W., Bhandari, B., and Deeth, H. (2004). The influence of coating materials on 
some properties of alginate beads and survivability of microencapsulated probiotic bacteria. 
International Dairy Journal. 14(8):737-743. 
13. Leathers, T. D. (2003). Biotechnological production and applications of pullulan. Applied 
Microbiology and Biotechnology. 62468–473. 
 379
14. Mokarram, R. R., Mortazavi, S. A., Najafi, M. B. H., and Shahidi, F. (2009). The influence 
of multi stage alginate coating on survivability of potential probiotic bacteria in simulated gastric and 
intestinal juice. Food Research International. 42(8):1040-1045. 
15. Ouwehand, A. C., and Salminen, S. J. (1998). The Health Effects of Cultured Milk Products 
with Viable and Non-viable Bacteria. International Dairy Journal. 8(9):749-758. 
16. Özera, B., Kirmacia, H. A., Şenelb, E., Atamerb, M., and Hayaloğlu, A. (2009). Improving 
the viability of Bifidobacterium bifidum BB-12 and Lactobacillus acidophilus LA-5 in white-brined 
cheese by microencapsulation. International Dairy Journal. 19(1):22-29. 
17. Saarela, M., Alakomi, H. L., Motto, J., Ahonen, A. M., Puhakka, A., and Tynkkynen, S. 
(2011). Improving the storage stability of Bifidobacterium breve in low pH fruit juice. International 
Journal of Food Microbiology. 149(1):106-110. 
18. Sandoval-Castilla, O., Lobato-Calleros, C., Garcia-Galindo, H. S., Alvarez-Ramirez, J., and 
Vernon-Carter, E. J. (2010). Textural properties of alginate-pectin beads and survivability of entrapped 
Lb. casei in simulated gastrointestinal conditions and in yoghurt. Food Research International. 
43(1):111-117. 
19. Sultana, K., Godward, G., Reynolds, N., Arumugaswamy, R., Peiris, P., and Kailasapathy, 
K. (2000). Encapsulation of probiotic bacteria with alginate-starch and evaluation of survival in 
simulated gastrointestinal conditions and in yoghurt. International Journal of Food Microbiology. 
62(1-2):47-55. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
